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This report forms part of a research programme on the spontaneous vegetation In urban open spaces in the North 
West Province, South Africa. Using a numerical classification technique (1WINSPAN) as first approximation , the 
classification was refined by applying Braun-Blanquet procedures. The result is a phytosociological table. 
Classification , as well as a description of the communities are presented. A total of four communities, SIX 
sub-communities and four variants are described. Associated gradients in habitat or disturbances are identified by 
using an ordination algorithm (DECORANA). This information should contribute significantly to our present knowledge 
and understanding of the ecology of vegetation of disturbed areas in the Grassland Biome. 
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Introduction 
In European urban areas vegetat ion in man-made habitats has 
received increasing attention of researchers. This is partially 
because of the growing importance of man-made habitats which 
are linked 10 ever- inc reas ing synanlhropisation of vegetation. 
Results of research on urban vegetation are useful for urban land 
management and nature conservation (Henke & Sukopp 1986; 
Pysck 1995). 
In SOllth Africa little research has been done on vegetation in 
man-made habi tats such as urban environments, and therefore, 
planners and nationa l and local government are unaware of the 
true biological and ecological va lue of urban open spaces (Poyn-
ton & Roberts 1985; Cohen & Hugo 1986). The need for a new 
approach in planning and management of urban open spaces in 
South A [rica was stated by Roberts and Poynton as long ago as 
1985. To ensure that an urban open space system functions opti-
mally as an ecological unit, certain areas which are seldom men-
tioned in conservation programmes, should be considered as a 
means of providing ecological continuity throughout the urban 
environment (Roberts & Poynton 1985). As railway reserves 
occupy large areas in cities, they could be included into this cate-
gory. The ecological and conservational potential of the areas 
around ra ilway lines were recognised in European countries, 
which led to extensive surveys of these areas (Sargent 1984). No 
vegetation ana lys is of railway reserves has ever been done in 
Soulh Africa. 
Typical questions asked on railway reserve vegetation include 
the following : 
I . What habitat types occur? 
2. What plant communities occur on the different habitat types? 
3. Are these plant communities unique to the railway reserve or 
are they essentially continuous with neighbouring plant commu-
nities? 
4. What are the effects of management and disturbance on the 
habitats and the vegetation? 
5. Do the railway reserves provide a refuge for plant species or 
certain plant communities? 
6. Which species move along. or are blocked by, th is linear 
man-made environment? 
I n order to answer these and other relevant questions on this 
topic it is necessary to do a comprehensive vegetation analysis of 
railway reserve areas. Vegetation information in planning and 
management programmes should be accurate and scientific in 
terms of flori stic detail and actual comll1 unity distribution (Rob-
erts 1993). The main aim of this study was. therefore. the classi -
fication and description of the plant communities along railway 
lines in the Potchefstroom municipal area, and the correlation of 
the recognised cOlllmunities w ith a range of environmcntal 
parameters, including human impact. This study forms part of an 
extensive study of urban open spaces in a number of cities in the 
North West Province, South Afr ica, with the ult imatc aim of a 
phytosociologicaJ and syntaxonomical synthesis of these urban 
open spaces. 
Study area 
The study was confined to the ra ilway reserves in the munic ipal 
area of Potchefstroom (between 26°40' and 26°44' south lat itude 
and 27°04' and 27°07' east longitude). These rai lway lines extend 
through areas of different land lise (F igure I). 
According to the Koppen classi fi cation. Potchefstroolll has a 
Bs-cl imate, that is a cool dry steppe with summer rains. t\ veragc 
rainfall is more than 600 mm per annum. The summer tempera-
tures are high with the mean monthly maximum temperature 
higher than 32°C during October to January, while the mean 
monthly minimum temperatures are below _1 °C during May to 
September. The winters are severely frosty (Weather Bureau 
1988) 
The major rock types in the study area are frolll the Pretoria 
Group of the Transvaal Sequence. The volcanic rocks in the north-
ern and southern parts of the study area are represented by Hek-
poort andes ite. In the central part of the study area the sedimentary 
rocks are predominantly of Daspoort and Strubenkop shale. 
including diabase, which has intruded into the Srrubenkop shale 
(Nel e' 01. 1939) 
Potchefstrool11 is situated in the Grassland Biome (Rutherford & 
Westfall 1994) and more spec ifically in the Dry Sandy Highveld 
Grass land (Bredenkallip & Van Rooyen 1996). In a comprehen-
sive syntaxonomical and synecological study of the western 
Transvaal Grasslands, Bezuidenhoul ( 1993) distinguished between 
five phytosociological classes (Bezuidenhout el 01. 1994). Parts of 
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the study area are probably situated in the Greu';ojlo\,ue-Acac;-
elea kanao, while other parts occur in the disturbed, built-up areas 
of Potchefstrool11, in phytosociological classes which have not 
been described yet. 
Materials and Methods 
Rdev~s \\"I.!rc compikd in 57 slratitied snmpk plots. Siralilicalion 
\vas based on diffen::nt habirat ryres. In a reconnaissanc~ survcy of 
the study area the following 8 habitat ty'pcs wt.:re rccognis~d: 
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1. The gravelly areas around the: raih\ay lines whil:h un.: olkn treated 
wi th herbic ides . 
2. Ar~as dIrectly adjac(:nt to radway lines : 
2. 1 With a steep downward slope (railway lines on an 
clnnankmcnt). 
2.2 \Vith a steep upward slope (railway' lines in a cutt ing). 
2.3 Flat areas or areas wi th :1 gent le slope. 
3. ;\n.~as further away from rail\\c'l)' lines. 
3.1 Next to natural or semi-natural an:a:; which can either b...: 
fragmented inside the city or on the city ITI<Jrgin. 
3.2 On or along sCfvicl.! roads where the soil is heavily 
compackd. 
3.3 Ncxt to build ings. 
3.4 Next to maintained vl.!gctatcd an~as (parks. institutional or 
private gardens) . 
Plot s izes \\ Cft! fixed at 16 m:! for grasslnnd and I 00 m~ for woody 
vegetation in accordance to Brcdcnkarnp and Theron (1978). 
Cllvcr-abundam:c valm:s of a ll species prl!sen t \\eTe allocatt':d 
according to Iht: Braun-Blanquct seal!!. as giwn by Mueller-Dom-
bois and Ellenbcrg (1974). Habitat parameters recorded. include 
topography. aspect, slope. soil typc and various soil propcrt ies. 
including physical and chemical propt':I1il.!s. Tht': soi l propt':rties in thc 
A and U horizons included percentage gravel. sand. silt and cIa), ; 
c;..: changc:ahk K· . Na2' , Mg ' and Ca'; so il conduc ti vity, soil pH 
(H 20). soil depth and the in SJlII soi l compaction (together \\lith 
gravimetric water content) in accordance wi th charactcristics given 
by Soi t Classi fi cation Work Group (199 1). 
The TW INSPAN classificat ion algorithm (Hill 1979a) and the 
util ity BBPe programme of Bauidenhout et al. (1996) wcre used to 
analyse the Iloristic data on a pasonal computer and subscqucntl) 
BrulI n-Blan411c1 proccdurcs (Muclier-Dombois & Ellcnbcrg 1974) 
wcre impiementcd to reline these resu lts. The resu lt ofth l.! ti nal cla.s-
si l'i cation is prescntcd in a phyto.sociological table: (Table I). Specks 
which were only reeordl.!d once: or twicc during tht! study rmd have 
rdatively 1m\- cover and/o r abundance are not induded in the phy-
tosocio logical tahle. Thcse: species are. howt!ver. includcd in Table 3 
and are also ment ioned in the results. An ordination algorithm. DEC-
ORANA (Hi ll 1979b) \Vas also applied to the fl ori stic data to dctcr-
mine possihle environmental gradient;.;. In addition. cstimatcd he:ight 
and canopy cover ave:ragcs ror the tree. shrub and herbaceous strata 
an; given for cnch community Crable 2). DitTcrcnliation bctwee:n 
trees and sh ru bs \vere based on ddinitions proposcd by Edwards 
( 1983). 
Taxa n;'Jllles eonronn to those or Arnold and 1)(: Wet ( 1993). but 
arc updated to November 1996 according to the PRECIS floristic 
data base of South Africa. managed by the National Botanical Inst i-
tllll! in Pretoria. Ahhough a li fc-form c1ass ilication was not uSt!d in 
this study. the usc of the term therophyh: is according to Raunkiaer's 
life form dassilication system (Raunkiaer 1937). 
No formal syntaxonom ical classification was done. formal s)'n-
taxonomy should follow after the analyses of all thc different land 
use types and ruderal vegetation ty pes in th e urban area or Potchel'-
stroom . 
Results and Discussion 
Classificalion 
From the classification (Table 1), four communities, six 
sub-colllmuni ties and four va riants were recognised: 
I . Asparaglls laricinus- Acacia karma Community 
1.1. Asparaglls laricinus- Acacia karroo - Themeda tl'iandra 
Sub-community 
1.2. Asparaglls laricinus-Acacia karroo-Araujia seric.:ifera 
Sub-comm unity 
1.2. 1 Rl1IIs pyroides Variant. 
1.2.2 l'el1l1iselum (:landestillllm Variant. 
.3 ,- /spllmgus laricinus- Acacia karl'Oc}--( 'Yllodvl1 daclyloll 
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Sub-community 
1.4 .. hparagus larhjnus - Acacia karroo- .. lnti=c)ma (lIlf!,IISfffolia 
Sub-community 
lA.1 Elll1eapogol/ cellchroide.\· Variant. 
1.4.2 Elepl/(lfltorrhi=a elephanfina Varian t. 
2. Boerlzal'ia ereCla' - Elll1eapogoll cellchrnides COlll llluni ty 
2.1 Boerhavia erecla- l:.:nneapogo/I Ce IIChl'oi(/es- l.l'IWdol1 
ductylan Sub-colllmunity 
2.2 Boerhavia erecla - El1l1ellpogoJ/ £'enchrvidex - PJ~v~mljs l'is£'osa 
Sub-community 
3. Cenchrus ciliari.\' Community 
4. :-;alsola kali- Argemolle mexic([Iw Community 
Description of the communities 
1. A.sparaglls larich1lls-.. /cacia karma Communi ty 
This com munity is quite common along railway lines in and 
around the study area. It is usually situated furthest away from 
the rai lway lines on the ci ty's margin or in contact with frag-
mented natu ral areas in the ci ty centre. It is qui te evident that the 
establ ishment of this comm unity is the res ult of the encroac h-
ment of woody plants sllch as Acacia karroo and Aspara~lIs 
laricinlls frol11 the AcacioJl karma. an all iance descri bed by 
Bezuidenhout and Bredenkal11p (1991) for the foots lopes and 
bottom lands of the Be land type in the Potchefstroo l11 area. The 
encroachment of woody spec ies into grass lands and disturbed 
areas was enhanced by changes in competitive balance between 
grass and bush (Lollw 1951), brought about by changes in graz-
ing and/or fire regimes in the management of the grass lands 
(Friedel 1987). 
Spec ific soil types are nOl characterist ic for the Asparagus 
/aricinus- Acada karroo Community and can be of the Hutton. 
Glenrosa or Witbank so il forms . but in general the soi ls are much 
more sandy, less gravelly and less compacted (0.2- 2.9 kg/1ll2) 
than those of the other communities along the railway lines 
Additional disturbances are evident from the presence of a 
number of spontaneously growing exotic weedy species, e.g . 
Eidem bipinnala. Tagetes mil1Ula and Physalis viseosa. 
The diagnostic species of this community are the woody spe-
cies Acacia karma and Asparagus lar;cmus and the grasses 
Setana sphacelaf(l, Eragrosfis clI/orowe/as and to a lesser 
extent, PonicufIl c% ratum (species group 1. Table I ). which are 
all indigenous to South A frica. Other species in this communi ty 
are common, herbaceous species such as the invas ive cosmopoli-
tan grass species. Cynadoll daclylon, the indigenous grass 
Hyparrhenia hirla (species group N, Tab le 1) and the introduced 
therophytc weeds, Bidem; bipinl1GfO (species group N, Table 1) 
and Tagetes minuta (species group R, Table I ). , 
The Asparagus lal'h.:illlls- .. kacia karroo Community can be 
div ided into four sub-communities according to species compos-
tion, micro-habitat differences and different degrees of distur-
bance. 
1. 1. Asparagus laricil111s- Acacia kaIToo- TlIemeda trial/dra 
Sub-community 
This sub-community occurs exclusive ly in the northern part of 
the study area on the city margin, and is situated near re latively 
undisturbed grass lands. The species compost ion of the 
Asparagus laricinus-Acacia kurroo--Themeda lr;alldra Sub-
com munity relates well to some of the Themeda triandfa domi-
nated grass lands in the western parts of the North West Province 
(formerly known as the western Transvaal) (Bezuidenhout et a/ 
1994; Bredenkamp et al 1989.) The presence of the invas ive 
pioneer grass C.)modon daclylon and the introduced therophyte 
weeds Tageles milllIta and Physalis v;scosa, on the other hand 
27~ S Afr. J. Bol. 1~98 . M (5) 
Table 1 A phytosociological table of railway reserves in the Potchefstroom municipal area , North West Province, South 
Africa 
rabl. A i I labl. 01 Iwa, I Ir.a, lort/ ~.sl , ,oul 
1'1'1' 1'1' 12 I' 1'1 '1 1'1 1' 12 I' 'I 1'1' 121 '1'1'1'1'1' 
I I , 
ITIES 11 12' 12' 1.3 ' .<1 14.2 2" 
" 
, 
• 
I I I 
'GKUU~ A I I 
:onyza I 
I 
, hirsuta I I 
I 
' GROUP B I 
IRhus , v. 
~apa I 
I 
'CiKUU~ c; 
;alba I 
I radula 
GaIiU~~ 
,CiKUU~ U 
• Araujia 
• M. lia, 
• Prunus persica 
• Robinia , 
• Ulmus I I I 
I I 
Sida spinosa I I 
I I 
I ' GROUP E I I I 
~ I I I , I I : I I I ' I I I I I 
I • . i 
'GROUP F I I I i I I 
~ I I I I I I I I 
• CiKUU~ Ci I 
• 
I 
I i I I 
I e"antha I 
I I I 
I I I 
• I I 
, pusillus I I I I 
I africana , 
I 
, 
I revoluta I I I 
~ I 
, obtusa I 
~ I I I 
I I I 
'GROUP H I I I 
I I 
I i I I 
I , I ! I 
I ! I I I I I I 
I I I I I I I I I i 
'GROUPI I I ' I I I I I i 
Acacia karroo I I I • ' I' 11 11 II I I I 14 1 I ) I 11 I I 1,,+ .,,1 
· IAI . ' i I IBI I ! I 
Setaria I : lUI I I ! I <i · 1 I .• I I ! I I 
• 11 B' ! I , I I I I I : 'I i I I i ' "'" I 
i . I I I I I' : I I ' " I •• • I I I 
. I • 
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Table 1 Continued 
1'1'1'1 ' ' 1' 1' 1'1' 1 1' 1 1'1' 1' 1 1'1 '1'1' 1' 1 I II 1'1'1'1 ' 1'1'1'1 ' 1' 1' 11 ' 1' 1'1'1 '1'1 '1'1 '1' ' I' '1' 1'1' , , I 
ICOM' 1.1 I.,.' 12.' I., I." 1.'.' ,., l .l , , 
I I , 
• ""uut' J I , 
• Flaverla bidentls I 
I , , 
Conyza , , 
I 
I I I 
i GROUP K 
I 
. I 
i curvula 
i GROUP 
, erecta 
pinnala 
~ , I 
, ""uue M I 
~ , , , I I , I I I I I , 
I I , I I I 
, ""uue N , , , , I I 
, , , I I I I , 
• Bidens , IA! I I ' I , , I I , 
I hirta I I I-I L I l- I 11 i 
, triandra 
" I - I I I I I I 
~rnotil I I, ! - -, I I I -ti' I , 
I I I i , I 
'PECIES GROUP 0 I 
, ClllaflS 
nl"~' uKOUP P 
I I 
, kali 
~dUbiUS I 
'''Kuue l.I I , , 
'verbe~~ I , 
I I 
i GROUP R I 
, minuta , 
" vlscosa I , I 
I I I 
i , species I I 
indicates some dist urbance in thi s cOllllllunity (Wells eJ (II 
1986). 
The species of species group A (Table I). all indigenous to 
South Africa (trc the diagnostic spec ies. The herbaceous layer is 
about I III tall. has a canopy cover of 56% (Table 2) and includes 
the diagnostic species COIly=a podo(.'eplill/a. BIt /bine 
1I(ll'dssffo/ia and Raphionacme hirsUI(I, Other herbaceous spe-
cies, which occurred only once in this sub-community are 
.· kl1lypha oJlguSlala. De\'erra hu}'chellii, Felicia I/Iuricata. 
Gl1idia (:apilala. HelicJlIyslIlII =eyher;, Lippia sc:aherrima. SlIlt!rtJ 
ouranliac:a and a Thesium sp. and the geophyte Bu/biue 
llbyssil1ic:a (Tab le 3). T he dominan t species of this sub-commu-
I 
I 
I 
I 
" I' 
.1, 
I 
I I I I I i , I i I I I I I I I 
I I I I 
I 
I 
I 
I I I 
I I 
, , 
II ~ i 
, I 
I I 
I I I 
I I 
I , I I I 
I I 
I I " I I I 
I I I "A 
I I 1 
I I I I 
ni ty is the grass species, rhemed(/ lrilll/(im (species group N. 
Table 1). No trees were recorded in this sub-community but the 
shrub stratum with .-bpomglls larkiJllls and Acacill karr()() has a 
average canopy cover of 28% and a average height of 0.85 m 
(Table 2). The Acacia karmo shrubs arc yo ung and in the pro-
cess of encroaching into th is area. T he encroach mel1l docs not 
necessari ly mean that the grass cover of the . hpamglls 
laricinus - ....Icacia korrou - Thel/1edo (rietlldra Sub-coml1luni ty 
is part icularly low o r degraded at this stage. because O'Connor 
(1995) stated that ,-Jc((cia karroo seedlings can estab lish and sur-
vive within a dense grass sward for at least a year. An average of 
14 species per sample plot were recorded for this sub-
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Table 2 Average height and canopy cover values of the tree, shrub and herba-
ceous strata of the different plant communities of ra ilway reserves in the Potchef-
stroom municipal area, North Wesl Province, South Africa 
StraIn 
Trl.!t! Shruh I h::rhaCl.!llllS 
Community Hcigh t (Ill) CO\'cr (%) lle ight (Ill) Cover (%) Height (m) CO\'l.!r(%) 
1.1 0.85 
1.2.1 3.75 38 UD 
1.2.2 •. 00 I I 1.50 
1.3 UO 1.35 
1.4.1 • . 00 26 1.80 
IA.2 3.80 17 1.25 
2.1 3.50 0.1 1.50 
2.2 1.80 
3 0.80 
4 
communi ty. of which only 7% were introduced and 10% were 
Iherophytes. 
1.2 Asparagus laric:inus- Ac(lcia karroo-.·lraz!iia sericiferu 
Sub-coill muni ty 
Th is sub-coillmunity is characterised by a very close spacing of 
the woody component in some of tile sample plots. 
The diagnostic spec ies of thi s wood land are mai nly int roduced 
spec ies (species group D, Table 1) such as the high ly invasive 
cl imber. Arm/lUI seric ffera, the g rass Sorghum halepense and the 
trees, Melia a:edarach. PJ"//Il//s persica. Rohill/a pselle/oacacia 
and C'/oms 1}(Il"l'ffolia. Other species in thi s cOll1munjty include 
the dom inant shrubs .· /sparaglls laricil1/(s and Acacia karmo 
(species group I , Table I ), and herbaceous species such as 
(V110c/017 dacIY{OIl, lfyparrhel1ia hirta. Bidens bipinnma. (spe-
cies group N. Table I) and Tageles mimI/a (species group R, 
Table The following two variants can be di stinguished in this 
sub-colll lllunity, based upon species compostion and overall 
structu re: 
1.2.1 Rhus pyroides Variant 
III the !Vms pyroides Variant of the Asparagus laricinus- Acacia 
karroo- .-Irm!iia seric{fera Sub-comm unity, small patches of 
very dense ly spaced trees can be found us uall y a long the edges 
of the rai lway embankments. When occurri ng against steep 
slopes. it is usually in contact with plan ted and spontaneous veg-
e tation 0 11 slllall holdings adjacent to the rai lway line . 
The average canopy cover of woody species in thi s variant are 
38% and 12% for trees and shrubs respectively (Table 2). The 
average heigh ts o f the tree and shrub strata are 3.75 m and 1.83 
111, respec tively . Indigenous shrubs such as Rhus pyroides var. 
pymides and to a lesser extent introduced herbaceous plants such 
as COl!1melina benghalensis and Mir£lbilis jalapa are the diag-
nost ic species (species group B, Table 1). Other species which 
occurred only once in thi s variant and have low cover abundance 
values are a number o f trees and herbs, including the declared 
\\'eed s Datum .\'lral1l oni/(111 and Xallthium strumariufI/ (Table 3) 
(Wells el al. I (86). The herbaceous stratum in th is variant is on 
average 1.26 III tall and has a canopy cover of 33 % (Table 2). An 
average number of 16 species per sample plot was recorded for 
the RIms pyroides Variant, of which 55% were introduced and 
28 1.0 56 
12 1.2() J3 
5 . 10 78 
15 93 
23 1.30 46 
18 .10 50 
1. 10 90 
0 .90 91 
1.20 60 
0.86 60 
26% were therophytes . Of all the species encountered in this 
variant 5% are regarded as declared weeds and a further 5% as 
declared invaders (Wells e/ III I 986). 
1.2.2 Penl7iselul11 clande.'1lillllm Variant 
A much sparser tree canopy cover (1 1 %) and a dominance of 
grass and annual herbaceous plants (average canopy cover of 
78% and average heig ht o f 1.1 111) (Tab le 2) in much welter soil 
conditions, are characteristics of the PeJll1iselll1n c/andesfinul11 
Variant. A poorly deve loped shrub stratum with an <1verage can-
opy cover of 5% and average he ight of 1.5 m, is present (Tab le 
2). Owing to the high cover of the introduced turf grass 
Pl!lIniselUm c/alldeSlinlfl1l , this com muni ty can be regarded as an 
extension of adjacent lawns of private, industrial and institu-
tional gardens . However, a number of other species also occur in 
this variant. 
The species of species group C (Table I) are the diagnosti c 
species. Herbaceous species such as the grass Penniselllln 
clune/e.'llillum and the legumes :\"eli/vms alba and Medicago 
saliva. are all introduced. Indigenous herbaceous species such as 
Berkheya radula and Ga/iul1I spurholl are also diagnostic . Spe-
cies which occurred only once and wh ich have a relati vely low 
cover are the highly invasive al ien tree Ailanthus altissillla and 
the introduced garden escapes Pa,\·s{/lora edl/li.~·. Wi.He";a 
jloribundu and a Rusa sp. (Tab le 3). An average number of 14 
species per sample plot was recorded for this variant, of which 
5 1 % were introduced and 22% were therophytes. 
1.3 Asparagus laricinlfs'-.·/c{]cia karroo- Cynodon daclylol1 
Sub·community 
This sub-community is situated ill much wetter areas than the 
other sub-communities of the Asparagus laricinlls-Acacia 
karl'oo Communi ty. It occurs relatively close to the rai lway lines. 
and if found furth er away from the lines it is in contact with 
bu ilt·up areas. 
The diagnostic species of this sub-community a re those ofspe-
cies group E (Table 1), namely the herbaceous species Ipomoea 
pwpurea and Rhynchosia I(Jlla. Other diagnosti c spec ies which 
occurred only once in this sub-community include the annual 
weed Bidens pilosa, the grass Panicum max imum and the woody 
species GomphOCGlplfS decipiens (Table 3). Other more common 
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Table 3 List of species which only occurred a few times and also have relatively low cover andlor 
abundance values , in the study of railway reserves in the Potchefstroom municipal area , North West 
Province, South Africa 
( 'o!ll11l1lnitics 
I I 
I 2.1 
1.2.2 
I .. 
I -L1 
2 
2.2 
Speck's (n.:k\ c number) (cover ahundanr.:: l' values) 
Acai.lpha (II/,E.,'1fSIa/lI (~I )( +), HI/Ibm!! ahyssmica (46 Hr). IJeverra hurci1ellJl (41 )( r). Fe/lew IIlIIriCli/a (3 )(1') . 
ern/clul capilaul (..J 1)( +). /fe/ic!II:1 'sum =l!lheri (.t6)( +). I.ippw swherrima (46)(+). SWt'l'llllllntlllitlccl (46)(+ ). 
Thexiu/JI sp. (-t6 )( +) 
Celli.I' llji 'JC({/U/ (~())( + ) .• CeltiS sinensis HR)(+) ... Datura .!itramOllll/l1/ (37)(-l ). ,. .1/alnIJfrUI/I ml"Ol1ICll1de-
1/(11111111 (4K)(+). ",\/Ol'lIS IIIgr(/ (40)(+). t /'aspa!1I11/ dd(lfallllll ( ... O)(~). Rhm Irll1n!a HO )(+) . .. .)/,\ l"IIIhnUflI (Jr/ -
e//fall' (.t R)( +), . \'/I/(hlll)// slrtlllwriUIII (3 7){ I ) 
Crilllll/l hu/hisperllllllli ( II )(r). "PassU/ora celll/is (7)( +). 'f- Rom sr. (3t))(r) . • WI.H{'n{/ Ilorihloufu ( ~I))(r) 
• Bulen\' pillosCi (8)( I ). (·I".ll)/o/epis lrtlllsww/ensis (6)(r). IJe/mpermo/terheullt « ,)(r). (iomplwc:arpus d{'opl-
ells (-I5)(+ ). * .Hallihol escu/elf/a (8)(+). "antcltlll mOXlmlWI (38){ I ), UhYllchosio l1e!'\'(JSII (32){+ ) 
AmclCI wfJra (35)( I ). ·:khyrol1lheJ (lspl!ra (35)( +). * Ai/allfhus 1I11i,\"S/II1lI (52)( I), A/hllm selOSlI (33)(+). Aloe 
grealheadii (33)(1\) , ('haIlUlf!aislll hiell.'>/s (4)( + ). (vlI/hopogo/l eXcal'llfUS (4)( t ). (6)( + ). I:'hreli(/ r ig/cia 
(33)(r) , /:"lIlIca/Jogoll s('o/JarIllS (35)( +). Eragroslis harbinodis (33 )(1\), (15)( ll. El'1Igrosli.\" o/)rll.HI (33)( ~ ). 
£rngroslis slIperhll (5)(+). * GomphrenCi c:etasioides (4)(r). Grewwjl{/w/ (3 3 )( + ).lIclldll~·'\"Wll cO/,;lIl:elllll 
(4)(r).lIerlllnlll1io depressa (-I)(r). Helcropogol1 contorIIIS (4)(+ ). Ledehollria (ll'(l!ijolia (5)(r)./IIc1igojera sp. 
(4 )(r), *Oeno/lil!m rose{l (47)(+ ), ·O:w li.r; corniculala (33)( r). l'en((lrrhinUJII illS/pidlllll (33){ l l. (17)( + ) . 
.. J'lallw!:{o /al1cco/ala (-17)( +). So/anum IIlC(]fWIIf (33)( I). Srrig(l asial/co (4)(r). * TaraxacuJII (~!Jicill(//e (4 )(r). 
Tephrosul eapl!nslS (7)( I). lhesiwn hir.nllulII (47)( I ). Trichoneu/"{/ gmmilglllllli.\" (4 )(r), triraJ)/lIs aml/"fJ-
JJogollou/es (S)(r), Ur[llllea lIIu/lisermw (5)(r) .• '·erhell{/ ojfic:mali.r; (13)( +), • I ·erhella femli.\·('I:ra (S)(r) 
• Artlplex semihaceCl!a ( 16)( I ), ComphoclfllJUsjrlltlCO.1"O (19)( +). *('11".\"111/1/ \'It/gare (12)(r). 1:·raRroslis pl!/lUl 
(33)(r) .• ElIplwrhill hell1rophylltl (9)( I). (8)( +), ·Guillemill(,O tit!I1.Wl ( 15)( I ) . .\1(11"/.'>(,11.1· CI/holl/orgillall/s 
(22)(r) . PsellUo!!,llllpJW/1II1I1 I1m/ula/um (19)( 11). Sail-i(l r//lfell/il/ll (17)( +) . . \'"elll'CIO (!fljllls ( to) ( ~). {.'mehiou 
lIIusombict!I1SIS ( 10)( I), (27)(+) 
AcacI{I hebeclada (24 )(r) . ..lavo /euclIl'fl (24)(r). Ch£lllla/!syce inaeqU//m('m (36)( +). Chloris l'lrg(//(/ ( I 1{)( + l. 
DU'hros/achys cincrea (23)(+). Ilfllig{?fem comosa ( 17)(r). /.aclU("(I i lll!rmis (24 )(rl, LOIOI/IS 1i.1·"i (2-1)(+). /'0 /-
licit/a mmpeslris (23)( I ) .• L lI lIfUl p enn'irma (36)( +) 
SClleelO COI1.Hfl/glWll!lI.\· (-49 )(..,..) .• SOlldlllS oleracclls (-I .l)(+). * I. ltc/lim serrio/a {-(9)(A l .• TrtliClllI/ at!.l"IiI'lIl11 
(43)1+) 
-* -= introduceu spl.!cies 
mil/lila (species group R, Tab le 1 ). 
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species in th is sub-communi ty are the dominant invasive grass 
Cynor/ol1 docly/on (species group N, Table I) and the tail-grow-
ing annual weed, Tageles minllle (species group R. Table I). A 
rather low ave rage of II species per sample plot was recorded 
for this sub-communi ty , of which 47% were introduced and 36% 
were therophytes. 
The following two variants could be recognised in this 
sub-community: 
The woody component of Acacia karroo and Aspamglls 
/aridl1l1'\", is not so prominent in the Ibpamglls /aricil1lfs -
,·Jcw.:ia karroo ·-Cynodol1 dacly/ol1 Sub-community, where the 
trees and shrubs have both an average canopy cover of I %, The 
herbaceous stratum, 011 the other hand is very well developed 
with an average canopy cover of 93% and an average height of 
1.15 In (Table 2). 
!.4 Asparagus laricinus- .-/c:acia karroo - Anli;oma ullgllsttfo/ia 
Sub-community 
This sub-community is characterised by a re lative ly dense 
woody component and is situated in the drier areas along the rai l-
way lines. 
The diagnostic species of th is sub-community of (he A,'ipara-
gus laricil1l1s-Acacia karro() Community are all naturally 
occuring woody plants, namely the cl im ber Anti;oma onguslijo-
ha and the shrubs Zi;iphus ;eyheriano, Asparagus slIaveo/ens 
and /L~pa,.aglls qfricanlls (species group H, Tab le 1). Other spe-
cies which are abundant are the indigenous but invasive tree, 
Acacia karroo (species group I, Table I ) (Wells et a/., 1986 ), the 
ind igenous grass, Enneapogon cenchroides (species group Q, 
Table I) and the introduced herbaceous annual weed, TaKeles 
I A.1 EJ1l1eapogol1 eel1c/woit/es Variant 
This variant is associated with the drier, more disturbed down-
ward slopes o f the rai lway embankments. 
Although the weedy perennial 5io/al1ltll/ pOlldur{j(Wllle and the 
indigenous ground orchid jjoflafea slJec insa are the only diag-
nostic species (species group F, Table I ). the absence of the spe-
cies of species group G (Table 1) is more character istic of the 
t:'Il11eapugoll c:enchroit/es Variant. An average number of 17 s p~­
cies per sample plot was recorded for th is plant community, of 
wh ich 24% were introduced and 20% were thcrophytes. 
The woody stratum with trees (average canopy cover of 26% 
and average height o f 4 Ill ) and shru bs (average canopy cover of 
23% and average height of 1.8 111) are equally important to the 
herbaceous stratum (average canopy cover of 46% and average 
height of 1.3 111) (Table I) . The dominant tree is .-Icacia karro(), 
with Iisparagus laricil1lfS, (species group I, Table I) .. /sparaglls 
slIol'eo/en.'i and the low-growing Zi;iplllls ; eyherimw (spec ies 
group H, Table I) the dom inant shrubs. 
1.4.2 ElephallIorrhi;a eiephllntil1(1 Va riant 
This variant is encollntered mainly on the flat areas or areas with 
gentle slopes near dry grasslands 0 11 the city margin. and in the 
in ner city as well. It may be in contact with fragmented grass-
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Figure 2 The rdatiVt.: positions of the communities along the first two axes of a DECORANA ordination of tloristic data of railway 
n':st;':rves in the Potchefstroom mun icipal area. North West Province, South Africa. (Numbers in circles indicate pcrcl!ntagc introduced 
species and numbers in squares indicate percentage thcrophytcs). 
lands or maintained parks inside the city. 
Most oflhe diagnost ic species (about 90%) oflhe Elepitantor-
rhi=a elephanlina Varian t are typical grass land species 
(Bezuidenhout & Bredenkamp 1991) (species group G, Table I ), 
for example the woody geoxylophyte, Elephanlorl'hiza elephan-
filla, the grasses Digiwl'ia el'iamha, Eustachys paspaloides, Aris-
tido conescens and Tragus berteron;onus, the climber Clematis 
brachiato, the geophytes Hypoxis ob/llsa and Ledebouria revo-
Iwa and other herbaceous species such as Hibiscus PlfSil/lIS, 
Commelina ajricolla, Corchorus asplenifolills, ChaeJacan/lws 
costatllS. Blepharis serrulata and Alonsonia angustifolia. A 
number of other species were only recorded once and also have 
very low cover and/or abundance (Table 3). An average number 
of 18 species per sample plot was recorded for this variant, of 
which 18% were introduced and 10% were therophytes. 
The herbaceous stratum of this va riant is well developed with 
an average canopy cover of 50% and an average height of 1.1 m 
(Table 2). With an average height of 1.2 m the shrub stratum is 
rather low owing to the dominance of young Acacia kol'l'oo 
plants and the dwarf shrubs Elephantorrhi=a elephalllina and 
Zi=ipJllIs =eyheriana. 
2. Boerhavia erecta- Enneapogon cenchroides Community 
T his community is common close to the railway lines and is the 
result of direct anthropogenic influences. It occurs along the 
enti re length of the railway lines in the study area on grave ll y 
compacted soil ( 1- 4 kg/m2 ). The man-made soil form, Witbank, 
is the Illost im portant, but Hutton and Glenrosa so il forms were 
also encountered. Where this community occurs further away 
from the railway lines it is usua lly associated with the highly 
compacted service roads. The specific land use of adjacent areas 
does not have a great effect on the species composition of this 
community. 
The species of species group L (Table I) are the diagnostic 
species and they are all herbaceous. The int roduced annuals 
Boerhaviu el'ecta and AltenuUlthera pWI?el1s with their spread-
ing hab it and Schkuhl'fo pinnata were encountered in most of the 
sample plots, while the perennial Vernonia oligocephala (indige-
nous) and the declared weed Solall1l111 elaeagnijolilln1 (int ro-
duced) (We"s el af. 1986) were found in only some of the 
sample plots. Other herbaceous species such as the annuals Tag-
eles minl/ta and Physalis vi.w.:osa (species group R, Table I) and 
the annual grass Enlleapogon celJ(:hroides (species group Q, 
Table 1) were also present. Not many woody species or indiv idu-
als occur in this community. 
The Boerhav;a ereCla-EWleapogo17 cenclzroides Community 
can be div ided into two sub-communities accord ing to species 
compostion and micro-habitat di fferences. 
2.1 Boerhm'ia erecta- t.'f1Ileapogol1 f.:e nchroides- Cynodun due-
tylon Sub-community 
This sub-community is typical of steep as well as gentle slopes 
close to the rail way lines, but can sometimes be found on banks 
around service roads further away from the railway lines. 
The diagnostic species of this sub-community (species group 
J, Table 1) are a mixture of indigenous herbaceous plants such as 
Tribuius terrestris, the grass Sporobofus fimbriatlls , and intro-
duced herbaceous plants such as Flaveria bidentis. ('ony=a 
bonariensis and Chamae,\yce serpens. Other species are the 
introduced annuals AlI1arantlllls hybridlls and Chenopodium 
albwtl. A number of. species which occurred only once in this 
sub-community of the Boerhavia erecta- Enneapogol7 cenchroi-
des Community are li sted ill Table 3. An average number of 14 
species per sample plot was recorded, of which 40% were 
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introduced and 20% were the rophytcs. 
The herbaceous stratum is the 1110St important in the Boerhal'ia 
ereCI(l -DllleapogOJl cl!llchroides-Cynodon dw:lylOll Sub-conl-
mUll ity wi th an average canopy cover of 90% and an average 
he ight of 1.1 111 (Table 2). Although present. the tree and shrub 
strata are poorly developed with average canopy covers of 0.1 % 
and I % respectively (Table 2). 
2.2 /Joel'hU\'ia erecla-EJllleapogon cenchroideJ-Physalis ris-
CO.HI Sub-colllmunity 
Although th is grass land also occurs on the slopes along the rail-
way lines. it is more often found in and around the service roads. 
A It the diagnostic spec ies (species group K, Table I) of this 
sub-collllllunity are indigenous. The grasses L'ragroslis h!lullan· 
lIian(1, (vmhopogoll plurinodis, and Eragrosfi.l· cl//'vula and 
other herbaceous species such as OSle OSpel'l1ll1m s('(wioslI11/. 
(·UI1\·o/I'IIIII.I' sagil1(llUS and Turhifw oel1orheroides are examples 
of the diagnostic species. The on ly woody species occurring in 
this sub·comlllunity are Acacia hebeclada and Dichrosfachys 
cinerea Crable 3), which are indigenous to South Africa but are 
also declared invaders of grasslands (Wells ef al. 1986). Whereas 
Acacia heheclada is quite common in the natural areas around 
the railway lines, the nearest known natural distribution of 
Dichros/(lchys cinerea is about 150 km away. This highly inva· 
sivc legume was, therefore, probably transported by rai I to the 
study area. An average of 13 species per sample plot was 
recorded for this sub-community of the Boerhal'ia erecta- Enlle· 
lIpogon "ellchl'oides Community, of which 22% were introduced 
and 13% were therophytes. 
The tree stratum is absent while the shrub st ratum is poorly 
developed with an average canopy cover of I % and an average 
height of 1.8 nl. The herbaceous layer with a dominance of grass 
species is well developed with an average canopy cover of91% 
and an average height of 0.9 In (Table 2). 
3. Cem:!rm.\' ciliaris Community 
This cOlllmunity is situated in only two. rather wet localities. It 
com be regarded as an extension of pasture fields of the Agricul· 
tural College. where ('elichI'll.\' ciliaris \Vas planted . Cel1chl'lIs 
ci/wris is the only diagnostic species of the community (species 
group 0 , Table I). Other species in the e el/chl'lls cilial'is COIll-
munity are introduced herbaceous weedy species such as Tageles 
mimi/a and Physalis \'iscosa (species group R, Table I) and the 
indigenous pioneer grass species, Enneapogol1 n!l1chroides (spe-
cies group Q, Table 1). Only 8 species were found in this grass· 
land cOlllmunity, in which no trees and a low cover of 
low-growing shrubs occur (Table 2). 
4. Sa/sola kali- Argemone mexicanll Community 
Thi s cOlllmunity which consists mainly of annual species is prob· 
ably an example of a unique alliance ofruderal vegetat ion which 
has not yet been described for southern Africa. It is situated on 
extremely gravelly areas, between the railway lines. which are 
sometimes subjected to the use of herbicides. 
The species of species group P (Table 1) nre the diagnostic 
species of the Sa/sola kali-.~I'gemone mexicana Community. 
They are all introduced herbaceous plants such as :1rgemone 
mexicana, Salsola kali. Tragopogol1 ell/bilts and Chamaesyce 
pl'Oslmfa. Other species in this community are com mon herba-
ceous species such as the indigenous grasses Enneapogol1 cell-
chmides, (koch/oa panicoides and iHelinis repens and 
introduced [orbs such as Verbena bOl1ariellsis (species group Q, 
Table I). An average of only II species per snmple plot was 
recorded for this plant community, of which 63% were intro-
duced and 50% were therophytcs. 
The tree and shrub strata are absent. while the herbaceous strap 
tum with an average canopy cover of 60% and an average height 
0[0 .86111 is well developed (Table 2). 
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Ordination 
In the scatter diagram (Figure 2) the distribution of the communi· 
ties along the first and second axes of ord ination is given. This 
diagram illustrates a clear gradient 011 ordination axis I which 
could, amongst the environmental variablcs examincd. only bl! 
related to percentage of gravel in the soi l. None of the other soil 
characters, including the chemical properties explained the posi-
tion of the communities along the fi rst axis. The gradien t could. 
however, be related to the degree of disturbance which is either 
caused by the distance from the railway lines or the speci fi c land-
use type bordering the railway lines. The community (63% intro· 
duced species) on the extreme right of this ordination axis con-
ta ins mainly ruderal invaders. Although the gradient on 
ordination axis 2 is not so clear, it could be related to level of dis-
turbance, caused by agricultural practises, which differs from the 
dis turbances evident on ordination axis 1. The diagnostic spec ies 
of the community at the top of ordination axis 2 is C'i!llchl'lls cili· 
lIri.\' . which may act as an agrestal invader. 
Conclusion 
Of all the communities described in this study, only the .·j.l'para-
gus /aricin lls-,.1cacia karl'Oo Community shows any resem· 
blance to previously described communities in South Afr ica. 
with respec t to habitat and fl oristic composition. As this commu-
nity does not correspond well to the associations already 
described, in the Aeacion kal'/'oo (Bezuidenhout & Bredenkamp 
1991), it is probnbly a new association of this alliance. which 
were described for the class. Grel1'io ./lal'ae--Acaciefea k(1/'/'Oo 
(Bezuidenhout ef al. 1994). In their description of this class. 
Bezuidenhout ef al. (1994) mentioned that diagnostic species 
such as Acacia korroo and : /sparaglls laricil1us may also 
encroach into disturbed woodland and grassland units. This pro-
cess of woody plant establishment occurs along the rai Iway lines. 
The area occupied by the sub-communities and variants of the 
Asparagus laricinlls - :lcacia kaIToo Communi ty may act as dis-
persal corridors between natural areas on the city margin and 
open areas in the city centre. as they occur along the enti re rai l· 
way line, and not only on the city margin where they have been 
established from the neighbouring natural areas. Areas around 
railway li nes, even those which are more disturbed, can nlso pro· 
vide refuge to many indigenous grass land species. as their natu-
ral habitats are reduced by ever-increasing urbanisation. 
Examples of these species arc geophytes such as flypvxis obI/ISO, 
Hypoxis hemeJ'ocallidea. Buthil/e abys.I'inica. Billbille l1(/rci.\·.I'i/O. 
lio and Urgineo 11/lIlti.wlosa and the ground orchid Bona/eo spe· 
ciosa, as well as many other herbaceous species mentioned in the 
description of the communities. Unfortunately. this study has 
also shown that invasive, introduced woody species sllch as Rob-
inia pselldo·oeacia and Melia a;edamch can also be established 
and dispersed in railway reserves. Although these. and other 
undesirable plants contribute to the total species diversity of the 
area. they are a thre-at to the total diversity of indigenous species. 
The communities on the severely disturbed habitats along the 
railway lines. which are rudera! cOllllllunities such as the Boer· 
haria ereefa-EnneapogolJ cellchl'Oides Community with two 
sub-communities and the Salso/a kuli - Argf!1I1011f! mexicul/o 
Community, show no resemblances with any other community 
desc ribed in the Grassland Biome. These communities probably 
rorm part of undescribed phytosociological classes for South 
Africa. 
Ruderal communities border ing railroads all over the world, 
frequently contain a distinctive flora. because of the permeable 
and calcareous nature of the substrate which favours a number of 
species (Whi tney 1985). Whether the communities descr ibed in 
the curre nt study are unique to railway reserves call pnly be 
es tablished once all the other land use types in the urban environ-
Illent have been studied. Alien species such as Altern(/nthel'U 
plll1gens (Bromilow 1995) and probably Uo\'(!ria hide"fis and 
2XO 
Tagetes mil/Ufo were ini ti ally int roduced as impurities in fodder 
brought in for the British troops during the Anglo Boer War and 
followcd the railway system ill South Africa, but have sincc 
spread to other open areas as well (Bromi low 1995). 
There is an increase in introduced species and more speciti· 
cally. therophytcs. along the disturbance gradient on ordination 
ax is I in the scatter d iagram (Figure 2), an observation also made 
in various land use areas in urban environments world·wide 
(Sukopp & Werner 1983). As there are a number of indigenous 
species which are diagnost ic and dominant in the disturbed Boer· 
hal"ia erecla- Enneupogon c:enc:hroides Community, the 
inc rease in introduced species does not imply that indigenolls 
plants cannot act as pioneers in d isturbed areas. According to 
Whitney (1985) the dominance of therophytes in disturbed areas 
is the result of the early maturity. high reproductive effort and 
buffering capacity of the bur ied seed bank of these plants. 
The average number of species per sample plot of the commu· 
nities along railway lines in the study "rca is low (7 and II spe· 
cics in Illore disturbed are"s and up to 18 species in less disturbed 
areas) in comparison with natural areas around Potchefstroom 
(:!4 species in a woodland-dominated community and 32 species 
in" grassbnd-dominated community (Bredenkamp el al. 1989). 
This is in contrast to studies in Europe which according to 
Sukopp and Werner ( 1983), Henke and Sukopp (1986) and 
Pysel\ (1995) indicated that disturbed areas in cities have higher 
species numbers than the surrounding countryside. 
This study provides base-line information for the implementa· 
tiun of a conservation orientated planning and management pro· 
gramme for areas around rai lway lines, specifically in urban 
env ironments. Curren t management practi ses in the ." .\pamKlIS 
/(/ricill/ls . felicia karmo Community should. for eX<lIllple, be 
changed to conserve this community which forms important con-
nections between natural areas around the city and fragmented 
natural areas inside the city, and which also serve as a refuge for 
man y indigenous herbaceous species. Management practi ses 
along rn ih .... ay lines should rather encourage successional 
changes towards the establishment of the Asp(ll"agus /aricinlls -
Acacia kar J"()() Com munity, than away from it. The results of this 
stud) will also serve as a basis for fo llow-up studies , especially 
with respect to the dynamics of ra ilway vegetation. In Britain. 
Sargent ( 1984) proved that the control of successional change is 
important in the management of ra ilway vegetation. Before that 
is possible one has to answer questions regarding the stability of 
the vegetation which cnn only be achieved in long·term studies. 
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